Objective. Data on the relationship between disc degeneration (DD) and fragility fractures in men are limited. The aim of this study was to prospectively analyse the risk of vertebral and non-vertebral fractures in men with thoracolumbar DD according to the severity of its radiological signs: disc space narrowing (DSN), osteophytes and endplate sclerosis.
Introduction
OA and osteoporosis are two age-related diseases associated with morbidity, mortality and greater health care costs. Despite different pathophysiological mechanisms, they interact with each other. Patients with OA have higher BMD measured by DXA [1] . Disc degeneration (DD) is associated with higher lumbar spine BMD, partly due to the impact of osteophytes and endplate sclerosis [2] . Of note, DD is associated with higher BMD at other skeletal sites that are not involved in spine OA, for example, the femoral neck [24] . Thus DD may be associated with a systemic increase in BMD, similar to knee [5, 6] or hip OA [7] .
Therefore, we would expect lower fracture risk in subjects with severe DD. However, studies on the relationship between DD and fractures in post-menopausal women have provided conflicting results. Some studies showed a lower risk of vertebral fracture in patients with DD and higher BMD [8, 9] , while other studies showed a higher fracture risk [10, 11] . Such results may be due to different approaches to define DD (X-ray, osteophytes or all radiological signs of DD, self-report) and different diagnostic criteria for vertebral fracture. In fact, self-reported OA may be another disease, causing pain and movement limitation. This may explain the discrepancy between the association of fracture risk with self-reported OA vs radiological OA [12] .
Studies of the link between OA (knee, hip, hand) and fracture risk have provided discordant results. Some studies show a higher risk of vertebral and non-vertebral fracture associated with knee OA [13, 14] or generalized OA [15] while others report a lower risk of hip fracture associated with hip OA in both sexes [12, 16, 17] .
Data on the relationship between DD and fragility fractures in men are limited and discordant. Only one prospective study showed a higher risk of clinical, but not radiographic, vertebral fracture and a higher risk of all osteoporotic fractures in men with DD [18] . Other studies found no association between lumbar DD and vertebral fracture [11, 1921] . Our aim was to analyse prospectively the risk of incident vertebral and non-vertebral fractures in men with thoracolumbar DD according to the presence and severity of its radiological signs: disc space narrowing (DSN), osteophytes and endplate sclerosis.
Methods

Study population
The MINOS study is a single-centre prospective study of male osteoporosis initiated in 1995 as a collaboration between the Institut National de la Santé et de la Recherche Mé dicale and health insurance company Socié té de Secours Miniè re de Bourgogne [22] . The study was approved by the ethics committee (SSPPRB Lyon A) and performed according to the 1983 Declaration of Helsinki. Informed consent was obtained from all patients. Letters inviting participation were sent in 1995 to 3400 randomly selected men aged 5185 years and covered by the Socié té de Secours Miniè re de Bourgogne. A total of 801 men provided informed written consent and had at least part of a diagnostic exam. No differences existed between the men who did or did not agree to participate [22] . The cross-sectional study was performed in 765 men who had lateral spine radiographs and DXA. Thirty-six men were excluded (lack or poor quality of radiographs or DXA scans, presence of SpA or diffuse idiopathic skeletal hyperostosis).
Thoracolumbar OA assessment Lateral thoracic and lumbar spine radiographs were obtained at baseline in patients placed in weight-bearing position with a 40-inch tube-to-film distance, using a breathing technique, with thoracic films centred at T7 and lumbar films centred at L3. Spine OA was evaluated by one reader (C.E.) using a validated atlas [23] . Anterior and posterior osteophytes, DSN and endplate sclerosis were assessed for lumbar intervertebral spaces (L1L2 to L4L5), whereas thoracic OA was assessed at two levels with the most severe disease. Osteophytes and DSN were assessed using a 4-point scale: normal, 0; mild, 1; moderate, 2; severe, 3. The overall grade was defined on the basis of the severity of DSN and osteophytes. It was scored as 0 (both scores normal), 1 (mild osteophytes or DSN) or 2 (moderate/severe osteophytes or DSN). Endplate sclerosis was scored as absent (0) or present (1) . The total DSN score is the sum of DSN scores for each intervertebral level. The total scores for osteophytes, endplate sclerosis and overall grade were calculated similarly. Intra-observer reproducibility was good for diagnosis of osteophytes (k = 0.81), endplate sclerosis (k = 0.77), DSN (k = 0.80), overall severity grade (k = 0.80) and choice of levels at the thoracic spine (k = 0.82) [24] . BMD BMD was measured at the lumbar spine (L2L4) and right hip (femoral neck, total hip) by DXA (Hologic QDR-1500, Hologic, Waltham, MA, USA) as described previously [25] . For the lumbar spine, the coefficient of variation (CV) was 0.33% using a commercial phantom and 0.62% using a human lumbar spine embedded in methyl methacrylate. For total hip and its components, CV was 0.810.94% using a hip phantom. BMD of the distal and ultradistal regions of interest (ROIs) of the distal non-dominant forearm were measured using single-energy X-ray absorptiometry (DTX100, Osteometer, Rodovre, Denmark) [25] . The distal ROI includes 20 mm of ulna and radius situated proximally to the site where the spacing between the two bones is 8 mm. The ultradistal radius ROI is situated distally to this ROI. For distal forearm BMD, the CV was 0.47% using a commercial calibration standard. The average width of the femoral neck and distal radius was calculated as the projected area of bone divided by the length of the ROI (1.5 cm for the femoral neck, 2 cm for the distal radius). All scans were analysed manually. Three hip scans and three forearm scans with positioning errors were excluded.
Assessment of incident fractures
Spine lateral radiographs were performed at baseline and 36 and 90 months [25] . An incident vertebral fracture was defined by a decrease of at least 20% or 4 mm in any vertebral height (anterior, central or posterior) between the follow-up and the baseline radiographs. Data on the incident non-vertebral fractures were recorded by epidemiological questionnaire every 18 months over 7.5 years and then over 2.5 years by telephone call. Men who dropped out were contacted by a telephone call and asked about incident fractures. For men who died, information was obtained from their proxies. The non-vertebral fractures were ascertained by verification of medical records. Fractures after severe trauma (vehicle accidents, professional traumas) and those of the skull, face, hand and toe were not retained.
Covariates
At baseline, men self-reported prior fractures and falls. We recorded falls that had occurred without external force during the year preceding recruitment. Prior non-vertebral fractures were retained if they had occurred after the age of 40 years and after a fall from a standing position or less. Fractures after severe trauma and those of the skull, face, hand and toe were excluded. Most fractures before the age of 40 years were high-trauma fractures or men could not recall their circumstances. Physical activity at work was self-reported using a four-level scale (low, medium, high, very high). Medical prescriptions were inspected for the use of analgesics. Weight and height were measured by P.S. Prevalent vertebral fractures were identified on lateral spine radiographs according to Genant's semiquantitative method with a modification for men [26] . Only grade 2 and 3 fractures were retained. Grade 1 deformities were not included in the analysis because the distinction between vertebral fractures and other diseases of the spine (OA, Scheuermann's disease, etc.) is not reliable.
Abdominal aortic calcification assessment
Abdominal aortic calcification (AAC) was assessed on lateral X-rays of the lumbar spine using a semi-quantitative score [27] . Calcification in the anterior and posterior wall of the abdominal aorta adjacent to the first four lumbar vertebrae was evaluated using a 24-point scale.
Boundaries are defined by midpoints of intervertebral spaces. Semi-quantitative severity scores (03) for each segment were added to yield the global AAC score (024). AAC was assessed by one reader (P.S.) [27] . Intrareader reproducibility assessed by intraclass correlation coefficient was 0.920.95. For interreader reproducibility, the intraclass correlation coefficient was 0.91 [24] .
Statistical analysis
The analyses were performed using SAS version 9.3 software (SAS Institute, Cary, NC, USA). Data are presented as mean (S.D.), median [interquartile range (IQR)] or number (%). BMD was compared between the classes of DD severity using the analysis of covariance adjusted for age and weight, then additionally occupational physical activity. The association between DD severity and fracture risk was assessed using a Cox model adjusted for age, BMI, BMD, AAC, prior fractures and, according to the model, prior falls and bone width. For all models, the assumption of proportional hazard was met. The use of analgesics was not significant and was not retained in the model. The variables of DD severity (osteophytosis, DSN, etc.) were used as continuous variables or classes described in detail for each model.
Results
Baseline characteristics
Thirty-six men excluded from the study did not differ from 765 men in terms of age, weight, height, AAC severity or history of falls and fractures. Association between BMD and DD After adjustment for age and weight, BMD at all the skeletal sites increased with increasing total DSN score and was greater by 4 (femoral neck)24% (lumbar spine) (0.31.5 S.D.; P < 0.001) in men with severe multilevel DSN vs men without DSN (Table 2) . Similarly, BMD increased with increasing total sclerosis score, being 317% (0.21.1 S.D.; P < 0.05<0.001) higher in men with severe sclerosis compared with men without sclerosis. Severe osteophytes and high total score of overall grade were associated with higher BMD at all sites except the distal radius. The difference between men with severe multilevel osteophytosis and men with mild or no osteophytosis ranged from 3 to 19% (0.31.2 S.D.; P < 0.050.001). The difference between men with the highest total score of overall grade and men with the lowest ranged from 4 to 20% (0.21.4 S.D.; P < 0.050.001). Further adjustment for physical activity at work had no impact on the results.
Association between baseline DD and incident vertebral fractures Over 7.5 years, 28 incident vertebral fractures occurred in 27 men among 659 who had follow-up radiographs. After adjustment for age, BMI, spine BMD, prevalent vertebral fractures and AAC, the vertebral fracture risk was 3-fold higher in the upper DSN quartile vs men without DSN (Table 3) . After adjustment for the same confounders, vertebral fracture risk was also nearly 3-fold higher in the upper DSN quartile vs the three lower quartiles combined.
The men were then divided into two groups. The highrisk group (n = 337) had severe DSN (upper quartile of the total DSN score) and/or low spine BMD (first quartile <0.912 g/cm 2 ) (one or more risk factor). The control group (n = 422) had normal BMD (three upper quartiles) and mild or no DSN (total DSN score 04) (no risk factor). The vertebral fracture incidence was higher in the high-risk group vs controls (6.2 vs 1.5%; P < 0.001).
In the fully adjusted model, their vertebral fracture risk was higher [hazard ratio (HR) 4.59 (95% CI 1.82, 11.61), P < 0.005]. This threshold of spine BMD was used because the vertebral fracture incidence was higher in the lowest (7%) vs the three upper quartiles (2, 4 and 1% in the highest quartile).
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In contrast, osteophytosis, sclerosis and overall grade were not associated with the vertebral fracture risk regardless of the approach (continuous, various groups and various thresholds). For instance, in men in the highest quartile of the total score of osteophytes, the risk of vertebral fracture was not significantly higher vs the lowest quartile [HR 2.01 (95% CI 0.57, 7.06), P = 0.28). In men in the highest quartile of the total score of overall grade, vertebral fracture risk was not higher vs the lowest quartile [HR 1.12 (95% CI 0.33, 3.87), P = 0.85].
Association between baseline DD and incident non-vertebral fractures Data on incident non-vertebral fractures was available in 762 men followed up for 1.510 years. The median time to the first fracture was 4.6 years (IQR 2.67.0). Non-vertebral fractures occurred in 61 men (clavicle, 1; humerus, 7; distal radius, 15; ulna, 1; rib, 16; pelvis, 2; hip, 5; distal femur, 2; proximal tibia, 2; ankle, 3; calcaneus, 1; metatarsal, 6).
In the fully adjusted model, the non-vertebral fracture risk decreased with increasing log-transformed total DSN score ( Table 4 ). The fracture risk was lower in the third and fourth quartiles of the total DSN score compared with the lowest quartile (no DSN). Moreover, the risk of non-vertebral fracture was half as high in men above the median total DSN score vs men below the median. The association did not change in the fully adjusted model.
As men with a severe DSN score could have higher physical activity at work, their lower risk of non-vertebral fracture may be due to wider bones [28] . However, after additional adjustment for bone width, the trends did not change-DSN score, BMD and bone width were associated significantly with the risk of non-vertebral fracture (Table 5) .
Higher hip BMD (three upper quartiles) and more severe DSN (>median) contributed jointly and independently to a lower risk of non-vertebral fracture ( Table 6 ). The presence of one of these factors was associated with a 5060% lower fracture risk (P < 0.05), whereas the presence of both was associated with an 80% lower risk of non-vertebral fracture (P < 0.001). We selected this threshold of hip BMD because the non-vertebral fracture incidence was higher in the first quartile (15%) compared with the three upper quartiles (6, 8 and 5% in the fourth quartile). Similar results were obtained for femoral neck BMD.
Osteophytosis, sclerosis and overall grade were not associated with the risk of non-vertebral fracture risk, regardless of the approach (continuous, various groups and various thresholds). For instance, in men with a total score of osteophytes above the median, non-vertebral fracture risk was not lower vs below the median [HR 0.75 (95% CI 0.44, 1.30), P = 0.75]. In men with a total score of overall grade above the median, non-vertebral fracture risk was not lower vs below the median [HR 0.83 (95% CI 0.48, 1.44), P = 0.51].
Discussion
We show that in older men, severe multilevel DSN is associated with a higher risk of vertebral fracture, independent of confounders including BMD. In contrast, severe DSN is associated with a lower risk of non-vertebral fracture. Finally, we confirm that severe DD is associated with higher BMD at most skeletal sites.
In men, data on the link between DD and fracture are limited and discordant. One prospective study showed a 2-fold higher risk of clinical vertebral fracture in men with severe DD over 79 years of follow-up [18] . Fractures and DD were assessed using the same tools we used, but various components of DD were not assessed separately. In 507 older men, a higher prevalence of vertebral fractures was associated with osteophytosis and DSN in the thoracic spine, but not in the lumbar spine [29] . Others found no link between DD and vertebral fractures [11, 1921] . In 200 men followed up for 10 years, baseline lumbar OA was not associated with vertebral fracture incidence [19] . However, this cohort was small, the dropout rate exceeded 30% and only the composite endpoint (KellgrenLawrence grade) was assessed. No cross-sectional relationship was found between the presence or severity of DD (osteophytes, DSN) and prevalent vertebral fractures in 261 osteoporotic men [20] . In 113 men, osteophytosis was not associated with prevalent vertebral fracture for all diagnostic criteria of fracture [21] . In men, the link between DD and non-vertebral fracture is poorly studied. One study showed a higher risk of vertebral and non-vertebral fracture in men with lumbar DD [18] . Data on the link between peripheral OA (knee, hip) and non-vertebral fractures are discordant. Some studies found a lower risk of fracture, mainly hip fracture, in patients with OA [16, 30] , whereas others found a higher risk [11, 15, 31] or no link between OA and the risk of nonvertebral fracture [12] . Within one cohort, this association varied according to the fracture site. In Swedish women, knee OA was associated with a lower risk of hip fracture and a higher risk of wrist fracture [32] . Within one cohort this association varied according to the skeletal site of OA. In the Chingford study, the association was positive for hip OA, negative for lumbar OA and non-significant for knee OA (for the same fracture as outcome) [9] . In the same cohort, the association varied according to the radiological sign of OA. In the Rotterdam study, osteophytosis of the knee joint was associated with a higher risk of hip fracture, whereas joint space narrowing was not [13] . Finally, within the same cohort, the association between OA and fracture varied between the sexes. In the three studies, significant links were found in women (negative between hip OA and hip fracture, positive between selfreported OA and any fracture) [11, 32, 33] . In contrast, these associations were not significant in men.
A high risk of falls increases the fracture risk in subjects with OA despite a high BMD [12, 14, 15] . Post-menopausal women self-reporting OA had a 20% higher risk of fracture (vertebra, wrist) and 25% higher risk of falls [15] . However, after adjustment for incident falls, the association between OA and fracture lost significance. The link between OA and falls may be explained by sarcopenia, poor proprioception, pain, postural instability and vitamin D deficit in OA patients, because these parameters are associated with higher risk of falls [34, 35] . However, available data concern mainly knee and hip OA, and the relation between spine OA and falls has been poorly studied. Muraki et al. [36] showed a higher risk of falls in knee OA patients but not in spine OA Classes correspond to the quartiles of each score * P < 0.05, ** P < 0.01, *** P < 0.005, **** P < 0.001 after adjustment for age and body weight. DSN: disc space narrowing.
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Weight may be implicated in the relation between OA and osteoporosis. Obesity is associated with higher BMD and higher risk of OA [37] . However, although obesity is associated with a higher BMD, it is also associated with a higher fracture risk [38] . In the Osteoporotic Fractures in Men Study cohort, higher BMI was associated with a higher fracture risk [38] . In our study, BMI did not modify the link between DD and vertebral fractures in the multivariable model.
Alterations of bone structure in DD include lower bone volume, trabecular thinning, higher trabecular separation, abnormal trabecular orientation and increased cortical porosity [39, 40] . These can locally influence fracture risk. In contrast, Simpson et al. [41] found increased bone volume/total volume in DD. In addition, abnormalities of trabecular microarchitecture may vary between the anterior and posterior regions of the vertebral body [38] . The explanation of why there is a higher risk of vertebral but not non-vertebral fracture may be a local mechanical factor. DD modifies biomechanical properties, including transmission of compressive forces by nucleus pulposus, as well as stability, mobility and flexibility of the spine [42, 43] . DD may affect muscles and ligaments, disrupting mechanical function of the spine [44] . The incident vertebral fracture in a patient with DD may be a false positive due to the aggravation of OA. However, inspection of the endplates helps to differentiate these two phenomena. The role of the mechanical factor is strengthened by the finding of the higher risk of vertebral fracture only in men with severe multilevel DSN. Men with moderate DSN did not have a higher risk of vertebral fracture. In these men, compensatory mechanisms may overcome mildly impaired mechanical function of the spine and lessen vertebral fracture risk. Data on bone microarchitecture in patients with OA are limited. Bone microarchitecture in the intertrochanteric region was similar in patients with hip OA and in controls [45] . Other studies compared bone microarchitecture in patients with hip OA and patients with hip fracture [46] . Thus data announcing better microarchitecture in OA should be interpreted cautiously. Frailty is associated with a higher risk of fracture. However, OA is associated with a higher, not lower, risk of frailty [47] . OA is also associated with inflammatory processes [48] . However, low-grade inflammation is associated with a higher, not lower, risk of fracture [49] . Overall, we cannot provide any convincing explanation for the lower risk of non-vertebral fracture in older men with severe multilevel DSN.
Our study has several strengths, including a prospective design, long-term follow-up and use of all the validated radiological criteria of DD. We accounted for DD severity. Vertebral and non-vertebral fractures were assessed separately. We ascertained all self-reported non-vertebral fractures. For assessment of the incident vertebral fractures, we used stringent criteria that had been previously used and validated in epidemiological studies and pharmaceutical trials [50] . Vertebral fractures and DD were assessed separately in the different periods by two different readers blinded to each other and to other results. We also recognize some limitations: our cohort is not fully representative of the French population, the number of incident fractures is limited and prior falls and non-vertebral fractures were self-reported and were not ascertained.
Conclusion
Our prospective data show that, after adjustment for confounders, men with multilevel severe DD have a higher risk of vertebral fracture but lower risk of non-vertebral fracture. DD may change the trabecular microarchitecture, modify load distribution at the spine and impair its mechanics. In an epidemiological study, mechanisms of this link cannot be assessed. As the number of incident fractures was low, the conclusions should be viewed with caution and compulsorily considered preliminary. However, our data suggest that severe DSN should be taken into consideration when assessing vertebral fracture risk in older men in the clinical practice.
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